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R . . 0 — r .^o t^t^ui ucmiea, oi 1 to 8 carbon atoms, 

Q is a highly fluorinated alkyl group free from hydrogen on valence carbon 
atoms, having a valence of m ana containing at least 44 percent by weight of fluorine, 
the highly fluorinated alkyl group being s group selected from : 

'a; pcrfiuoroalkyl of 1 to 17 carbon atoms, 

■*b\ perfluorocycloalkyl of 4 to 1 1 carbon atoms, 

(c, omega-hydroperfluoroalkyl of an even number of carbon atoms from 2 to IS, 
(d ; 2-hydroperfluoroalkyl of 3 to 1 1 carbon atoms, 



chloro-difluoromethyl, 
2,2-dichloro-perriuoroethyl, 

3-oxa-perfluoroalkyI of 3 to 6 carbon atoms and 1 oxygen atom, 
perfiuoro-oxa-cycloalkyl of 4 to 6 carbon atoms, 
perfluoroalkylcne of 1 to 1 0 carbon atoms, or 
pexfluorocycloalkylene of 6 to 12 carbon atoms, and 
m is 1 or 2, 

which process comprises reacting substantially stoichiometric 
fluorinated alkanesulfonyl halidc having the formula: 



if; 
(\) 



amounts of hyper- 
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R.SO.X 



wherein 
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COMPLETE SPECIFICATION 
Fiuorocarbon PerfluoroalkanesuK onates. 

We, Minnesota Mining and Manufacturing Company, a corporation 
organised and existing under the laws of the State of Delaware, United States of 
America, of 2501 Hudson Road, Saint Paul, Minnesota 55101, United States of 
America, do hereby declare the invention for which we pray that a patent may be 

5 granted to us and the method by which it is to be performed to be particularly des- 5 

cribed in and by the following statement : — 

This invention relates to certain sulfonate esters, to a process for producing the 
sulfonate esters, and to a process using the sulfonate esters in alkylation reactions. 
In an article by Burdon and Mclaughlin, Tetrahedron, 1965 vol. 21 pp.. i 4 

10 entitled "Trifluoromethanesulfonate Esters and their Alkylating Properties" it is 10 

suggested that 2,2,2-txiflunroethyl trifluoromethanesulfonate can be prepared from 
the alcohol and acid anhydride and is also formed from the alcohol and acid fluoride 
in the presence of pyridine. Pyridine, however, quaternized with this ester very easily 
and hence the yield was very poor. 

15 The present invention provides a process for the production of sulfonate esters 15 

of the formula: 

(RfSOsOCH^Q 

wherein 

! s a hyperfluorinated alkyl group (as herein defined) of 1 to 8 carbon atoms, 
20 Q is a highly fluorinated alkyl group free from hydrogen on valence carbon 20 

atoms, having a valence of m and containing at least 44 percent by weight of fluorine, 
the highly fluorinated alkyl group being a group selected from: 

(a) perfluoroalkyl of 1 to 17 carbon atoms, 

(b) perfluorocycloalkyl of 4 to 11 carbon atoms, 

25 (c) omega-hydroperfluoroalkyl of an even number of carbon atoms from 2 to 18, 25 

(d) 2-hydroperfluoroalkyl of 3 to 11 carbon atoms, 

(e) chloro-difluoromethyl, 

(f) 2,2-dichloro-perfluoroethyl, 

(g) 3-oxa-perfluoroalkyl of 3 to 6 carbon atoms and 1 oxygen atom, 

30 (h) perfluoro-oxa-cycloalkyl of 4 to 6 carbon atoms, ° 30 

(i) perfluoroalkylene of 1 to 10 carbon atoms, or 
(j) perfluorocycloalkylene of 6 to 12 carbon atoms, and 
m is 1 or 2, 



which process comprises reacting substantially stoichiometric amounts of hyper- 
35 fluorinated alkanesulfonyl halide having the formula: 



R f S0 2 X 

wherein 



35 



S2S ERRATA SUP ATTACHED 
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R, has the same significance as above, and 
X is CI or F, 
and highly fluorinated carbinol having the formula: 

Q(CH s OH) n , 5 

5 wher ^ n an£ i m havc ^ same significance as above, in the presence of an aliphatic 

tertiary amine acid acceptor. . „ « ___ 

Carbinols of the above highly fluorinated alkyl groups are quite weU fcoo^ 
In the presence of large excesses of ternary amine over stoichiometric, 
10 quatemization may occur at progressively higher temperatures above roomtemperature 

of 25°C as the molecular weight of the ester increases. Lower temperatures are there- 

forf preferably used particularly in producing esters of mflupromethanesulfomc .acid 
As used herein, the term hyperfluorinated alkyl group" is employed to ^eagnate 

acyclic and cyclic alkyl groups containing at least 2 fluorine atoms and not more than 
15 1 hydrogen atom and containing from 1 to 8 carbon atoms. In particular ^it s 

to employ hyperfluorinated alkanesulfonyl fluorides and chlorides m whicn , K» is a 

perfluoroalkyl group of 1 to 8 carbon atoms, perfluorocycloalkyl of 4 to 8 carbon 

atoms or 2-hydroperfluoroalkyl of 2 to 7 carbon atoms. 

This invention also provides sulfonate esters of the formula: 



15 



20 (R,SO,OCH 2 ) m Q' 20 

Wher R?is a hyperfluorinated alkyl group (as herein defined) of 1 to 8 carbon atoms, 
<y is a highly fluorinated alkyl group free from hydrogen on valence carbon 
atoms, having a valence of m and containing at least 44 percent by weight of fluorine, 
25 the highly fluorinated alkyl group being a group selected from: 

(a) perfluoroalkyl of 2 to 17 carbon atoms, 

(b) perfluorocycloalkyl of 4 to 11 carbon atoms, 

(c) omega-hydroperfluoroalkyl of an even number of carbon atoms from I to IB, 

(d) 2-hydroperfluoroalkyl of 3 to 11 carbon atoms, 
30 (e) chloro-difluoromethyl, 

(f) 2,2-dichloro-perfluoroethyl, 

(g) 3-oxa-perfluoralkyl of 3 to 6 carbon atoms and 1 oxygen atom, 

(h) perfluoro-oxa-cycloalkyl of 4 to 6 carbon atoms, 

(i) perfluoroalkylene of 1 to 10 carbon atoms, or 

35 (i) perfluorocycloalkylene of 6 to 12 carbon atoms, and M 

Thr^nvention also provides 1,1-dihydroperfluoroalkyI perfluoroalkanesulfonate 

ester of the formula : „ 

FCCF.O.SO.OX 

40 

40 w er ^ n . s a i^^ihydroperfluoroalkyl group of 3 to 18 carbon atoms, and 

The^venuon fr further provides l,l,«o-trihydroperfluoroalkanol perfluoroalkane- 
^ sulfonate ester of the formula: ^ 45 

WhCr x n is a l,l,^trihydroperfluoroalkyl group of an odd number of carbon atoms from 
3 to 19, and 

«;n Tne^nSon f sun f«£her provides a process for introducing a non-fluorinated 50 

5 substSen £ou£ « « highly fluorinated organic nucleus, which process comprises 

comSg if dually compatible medium in substantially stoichiometric proportions 
a Sophile having a nucteophilicity constant greater than 1 and sulfonate ester of 
^ the formula: ^SO.OCH^Q' 55 

wherein . , 

R f , Q' and m have the same significance as above, , it ^ 

if desired acid hydrolysing intermediate addition products, and isolating a product 

containing the group: Q'_CHo 60 



60 



wherein , 

Q' has the same significance as above. 
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The nucleophile may be the anion of an aryloxy compound, an organic amine, 
the anion of an organic mercaptan, or the anion of a diorganic ester of orthophosphorous 

The perfluoroalkane sulfonyl fluorides are readily available by the electrochemical 
fluorination of the alkane sulfonyl fluorides or chlorides as described in Patent No: 
758,467. It is generally preferred to use perfluoromethanesulfonyl fluoride because the 
cost per mole is lower, but higher sulfonyl fluorides are otherwise satisfactory. 
Chlorides of 2-hydroperfluorinated acids are described by CofTman and Raasch, 
Journal of Organic Chemistry, volume. 14, page 747 et seq. (1949). 

In the following examples, parts are by weight and temperatures are in degrees 
centigrade unless otherwise indicated. 

Example 1 

In a dried vessel fitted for mechanical agitation a total of 245 parts of trifiuoro- 
methanesulfonyl fluoride (B.P. -26°C.) is condensed at about — 75°C. To the vessel 
are added 121 parts by volume of methylene chloride and the equipment is then 
modified by replacing the gas inlet assembly by a dropping funnel. A mixture of 
271 parts of 1,1-dihydroperfluorobutanol and 150 parts of triethylamine is then added 
gradually over about 1 hour while maintaining the temperature of the reaction mixture 
at about -40° to — 30°C. The reaction mixture is warmed to 0° and the clear 
solution is washed successively (in parts by volume) with 100 parts of 5 percent 
aqueous hydrochloric acid, 100 parts of 5 percent aqueous sodium hydroxide and twice 
with 50 parts of water. The solution is dried over anhydrous magnesium sulfate, 
filtered and concentrated and finally fractionally distilled to give 1,1-dihydroperfluoro- 
butyl tnfluoromethanesulfonate in good yield as a clear colorless liquid boiling at 

if5^ 0 i^? 0C# at 732 mm * H S' P ressure > n D 25 = 1.3020. Analysis: Calculated for 
C 0 H 2 F 1(J O 3 S: 12.8% C; Found: 18.3% C. 

Other esters of the invention prepared in good yields by the above procedure 
include the following: 



Compound 


Boiling Point 
°C./mm. Hg. press. 


n* 25 


CF 3 S0 2 OCH 2 CF 2 CF 3 


102—5/740 


1.3012 


CF 3 S0 2 OCH 2 (CF 2 ) 6 CF 3 


7^-5/5 


1.3098 


CF 3 S0 2 OCH 2 CF 2 CF 2 H 


122—5/737 


1.3203 


CF 3 S0 2 OCH 2 (CF 2 ) 4 H 


69—72/21 


1.3191 


CF 3 S0 2 OCH 2 (CF 2 ) 8 H 


117—9/20 


1.3200 


CB z S0 2 OCH 2 C g F 11 


73—6/20 


1.3253 


(CFaSOaOCHoCF^CFs 


76—8/20 


1.4252 


CF 3 S0 2 OCH 2 (CF 2 ) 2 OCF 3 


120—3/740 


1.3070 


1 2 1 2 






N2 / CF— CP 2 CH 2 0S0 2 CF 3 


64—6/22 


1.3167 







Exampi^ 2 

The procedure of Example 1 is repeated, except that the sulfonyl fluoride is 
measured and added as a liquid without the necessity of condensation, using 13.5 
parts of perfiuoroethanesulfonyl fluoride in 30 parts by volume of methylene chloride 
at - 80° and adding a mixture of 8 parts each of 2,2^-trifluoroethanol and triethyl- 
amine in 20 parts by volume of methylene chloride during about 10 minutes. The 
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15 



subsequent procedure is as described in Example 1- ^J^ZT^l^^C 
obtained in good yield from the corresponding alcohol and sulfonjl fluoride. 



Example 3 . ^ . 

-p . mivturf > 0 f 25 1 carts of perfluorooctanesulfonyl fluoride in 25 parts by 

is distilled: B.P. Z£> — / at /w mux. x &. k /cnoc^ aid then melts at about 

is recrystallized from pcttoleum ether (b.p 30 m & 60 C.) » nd _ men 
59° to 62°C. Analysis: Calculated for C,^I~F 24 O a i. oo.y/ * , 

20.9°/ : C;66.3%F. 

20 In a suitable vessel provided wFth^mechamcal agitation, thermometer, gas inlet 20 

and ^con^fgoSed to about -75° C.) are pUce I 332 jpjm oWtnj 
hvdroperfluoroheptanol, 120 parts of P**^"^^^ Ld tXoro- 

- g^^S&SSKESS - 

""1 fy-T^yto^uCheptyl trifluoromethanesxilfonate is obtained in good yield 
as a mo«rleKnid bojing at 75-^C at 9 mm Hg pressu^n D ^31* 
30 Analysis: Calculated for C R H 3 F l3 0 3 S. 20.6 /<, ^, oi.3/ e r-, x-mu /c 

61 * 2 B w F t'h P same eeneral Drocedure employing corresponding proportions of 1,1,11- 
She carbinols indicated, the esters shown below are obtained. 



Carbinol 


Product Ester 


C1CF.— CH.OH 


C1CF 2 — CH 2 — O— 0 2 SCF 3 


a 2 CF— CF S — CH 2 OH 


a a CF— CF.— CH 2 — O— 0 2 SCF 3 


C 5 Fn — CFH — CF 2 — CH 2 OH 


CsF^— CFH-CF 2 -CH 2 — 0-0 2 SCF 3 


CF 3 CH 2 OH 


CF 3 CH a — O— O.SCF.— CF.H 



As indicated above, the novel esters obtained by the above process are useful as 
As indicated aoovc, , u forming substituted fluorocarbons of the 

45 Sn^OYC^ ^whSn^' and S are as herein defined, and W is the nucleus 
^nr^l nSonif a nSphilc, for example the anion of an aryloxy compound or 
org^rmeV«™tan?o r a diorfanic'ester of orSiophosphorous acid or any organic amine 
and n is 1 or 2. 



10 
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45 
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Examples of nuclcophiles having a nudeophilicity constant greater than 1 are- 

(a) monovalent morganic anions, SCN, CI, Br and I; 

(b) anions of aliphatic alcohols of 1 to 20 carbon atoms; 

(f) aliphatic primary, secondary and tertiary amines of 1 to 20 carbon atoms; 
* (d) anions of aliphatic mercaptans of <1 to 20 carbon atoms ; « 

(e) anions of aromatic thiols of 6 to 20 carbon atoms; 

(f) aliphatic primary, secondary or tertiary amines of 1 to 20 carbon atoms; 

(g) aromatic and mixed aralkyl amines of 6 to 20 carbon atoms ; 

>9 heteroc y clic amines of 2 to 20 carbon atoms; 

10 (i) anions of aliphatic and alicyclic sulfides of 2 to 12 carbon atoms; , A 

(0 thiourea; ' 10 

a ^tiS^°?i, 0f a , CdVe ^S? 1 compounds of 2 to 20 carbon atoms; including: 
i CXyl ace 7 Iene i I P he °yl acetylene, octadecyl acetylene, diethyl malonafe, 
15 J^^T k 3 ' m W ^"^etone, aceto-acetic ester cyclopentadiene! 

15 phenyl cyclopentyl sulfone, thiolacetic acid, thiolbenzoic acid; ^ 
(1) anions of orthophosphorous acid bis-esters of alcohols and phenols of 1 to 8 
carbon atoms, mcluding: dimethyl phosphite, diethyl phosphite; dK phosphke 
dioctyl phosphite, diphenyl phosphite, dicresyl phosphite Y pnospmte, 

?0 nmr o^L^ m ^°I enai ? in J es ° f k « ones or ^ehydes such as propionaldehyde, cycJo- 
1 ' 2 ' 3 't' tetrah y dro -2- ketonaphthalene, 5,5- dimethylc^clohexanmrae^ll 
cyclodecanone and camphor with secondary amines such as dimethyl amine, morono- 
Iine, tetrahydropyridme and piperidine. 7 amine, morpno- 

Hi m iSli& aZ - neS 1 c «" tain ?W *«wi 0 to 6 carbon atoms, such as hydrazine, 1,1- 

(o) arene sulfonic acid alkali metal salts. 25 
s™t7if ^° nC T Pt ° f , a Mderohffic constant TOS developed by C. G. Swain and C B 
(1953) J ^ me " can ^^cal Society, VoL 75, page 14l1f 

30 f JF* fDUw ** examples illustrate this aspect of the invention, with the exception *f» 

2 ftuo^S^l 2 - 2 - 2 ^"^ 1 SSS& 30 



Example 5 



15 



20 



A mixture of 3.0 parts (0.05 mole) ethylenedianiine, 30 parts bv volume of drv 
35 benzene and 33.2 parts of 1,1-dihydropemuorobutyl ttffluoromethalesXnate « 
brought to reflux and 10.1 parts (0.10 mole) of trieWamine a? added Sally 35 

^n?f!?" teS K AftCr ^ flu3dn f for 1 hour the solution has beStnT^m^ 

geneous and is then poled, washed twice with water and the benzene pS S 

proJur^ * — ^ the above 
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Example 6 

A suitable vessel is charged with 46.4 parts (0.20 mole) of 1,1-dihydroperfluoro- 
ethyl trifluoromethanesulfonate and 32.2 parts (0.44 mole) of diethylamine in 100 
parts by volume of benzene. After stirring and refluxing for 1 hour a brownish oil 
separates which solidifies on cooling at 0°C. It is collected and washed with cold 
benzene. It is 1^1-dihydroperfluoroethyl diethylammonium trifluoromethanesulfonate. 

The benzene solution and wash are combined and extracted with 100 parts by 
volume of 10 per cent aqueous hydrochloric acid. The acid extract is washed with 
ether and neutralized with sodium hydroxide. The oily product is extracted in ether 
and these extracts are dried over magnesium sulfate, concentrated carefully and 
distilled through a column. 1,1 - Dihydroperfiuoroethyldiethylamine is obtained in 
84 percent yield as a liquid boiling at 89° to 91°C. at 740 mm. of Hg. pressure. 
n D 2% = 1.3508. The hydrochloride, m.p. 164 — 5°Q, is analyzed. Analysis: Calculated 
for C C H 13 NF 3 C1: 37.6% C; 29.7% F; Found: 37.6% C; 29.8% F. 

15 Example 7 

A solution in 50 parts by volume of ethanol containing 8 parts of l^l-dihydro- 
perfluoroethyl trifluoromethanesulfonate, 7 parts of thiophenol and 2 parts of sodium 
hydroxide in 20 parts of water is refluxed for 1 hour, poured into water and the oily 
product extracted with ether. After washing and drying, ether is evaporated to give 
20 1,1-dihydroperfluoroethyl phenyl sulfide as a yellowish oil boiling at 83° to 84° at 20 

15 mm. of Hg. pressure, nj> 2S = 1.4881. Analysis: Calculated for C 8 H 7 F-S: 50.0% C: 
29.6% F; Found: 49.7% C; 29.5% F. ' 

By a similar procedure 1,1-dihydropernuoroethyl trifluoromethanesulfonate is 
reacted with phenol (C 6 H 5 OH) to give 2%2%2'-txmuoroanethole (C 6 H 5 OCH 2 CF 3 ) as 
25 a liquid with n ? 25 = 1.4376 and boiling at 55° to 58°Q at 10 mm. Hg. pressure. 25 
By following essentially the above procedures 1,1-dihydroperfluoroalkyl ethers 
of the phenols are prepared using the reactants given in Table II. 



10 



15 
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Ester 
CrPiaCHaOSOaCFa 
5 C T PisCH2030aCP3 
C a F 7 CH a 0SOaCF 3 
H(CFa)8CH 2 030 a CF3 
10 H(CFa)aCH 2 OS0 2 CF a 
C 7 F 1B CHaOSOaCF3 

15 C r FisCHa030aCF 3 



Table II 
Phenol 



HO 



Q-o-Q-on 



,0H 



NOa^-OH 
CH 3 

HO^-CH a 
- i> 



CH a 

HO-^C-^-OH 
CHa 



Product 



.CN 



C7Fi»CHsO 

C T Fi9pHaO<^-O-0 
OCHaCaPT 



OaN^-OCHa(CF a )oH 

QHa-©-OCHa(CPa)aH 

Q-(CQ-OCHaCTFis 



=1 



C T Fx9CH a 0^- C(CH 3 ) a 



10 



H(CFa)aCH a OSOaCFa H0-^OCH a CaH» H(CF a )oCH20©OCHaC e H 8 

Example 8 , 
A solution of 3.3 parts of cyclohexanone piperidine-eneamine in 50 parts by 
volume rf iSimethoxyethane is added to 4.68 parts of 1.1.7-tnhydioperfluorohepyd 
Sfluoromethanesulfonate in a suitable vessel and the mixture is refluxed for 4 hours 5 
SdV ariudon. To the cooled mixture are added 10 parts by volume of concentrated 
Wd^Woric acid and the mixture is poured on ice and extracted with ether The 
etSl so ution is washed with water, 10 percent aqueous ; sodium bicarbonate, dned 
and^ncentrated. Distillation of the residue yields Z^lVV'-mhydroperfluoroheptyl)- 
cyclohexanone boiling at 100° to 110°C. at 20 mm. of Hg. pressure. It forms a 2,4- 10 

^own^inTaoL 1 ! 4 ! 5 !,^ employed in corresponding pro- 
portioTwithperfluoroalkanesulfonate esters to provide the mdicated novel fluormated 
carbonyl compounds. 
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Table III 

Eneamine Ester ■ Product 



CH 8 CH = CH— N(CH 3 ) 2 CF 3 CH 2 OS0 2 CF 3 CF 3 — CH 2 — CH— CHO 
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Example 9 __ . 

Diethyl hydrogen phosphite (HOPCOCH,),; 47 parts) in 200 parts by ^lumc 
of teTrLhydrofuran's reacted during one hour with 7 5 parts of ^jmjm 
solution is maintained at 25- and during a second hour 107 parts « W"* 1 *^ 
oerfluorobutyl trinuoromethanesulfonate are added gradually: the solution is then 
SSSS fo?another hour. Reaction occurs by alkylaaon of the P^hom atom^T he 
reaction mixture is quenched in water and extracted with bjnzene The «Wg » 
washed with water, dried, concentrated and the residue distfllcd. Diethyl 1,1-dihydro 
perfluorobutanephosphonate, 



CF S (CF 2 ) : CH 2 — PiOCJIsk, 
boils at about 72' to 72S»C at 2.5 mnu of : Hg. pressure, zg*= 1 - 34 ^ 9 ^j Vl g ysis: 

msec. 3 K 3 i»^^ 

SMonlte esSs and phosphite esters react to produce esters of other fluonnated 
alkanephosphonates as indicated in Table IV. 



10 



15 





Table IV 




Sulfonate ester 


Phosphite ester 


Product: 
dialkyl fluorinated 
phosphonate 


C 7 F 15 CH 2 OSO s CF 3 


HOP(OC 4 H 9 ) 2 


QFxsCHoPCOXOQHg):. 


C 7 F 15 CH 2 OSO s C 2 F 3 


HOP(OC 6 H 5 ) 2 


C-F^CH^OXOQHs):, 


HCCF^oCHoOSOjCFa 


HOP(OCH3) 2 


HCCFsJmCH.PCOXOCH^ 


CF 2 (CF s CM..OS0 2 CF 3 ) S! 


HOPCOCjjH.,)-. 


CF 2 [CF 2 CH s P(0)(OC 2 H s ) 2 ] 2 


A compound of the formula 
cycKC 5 F 9 0>CH 2 OS0 2 CF 3 


HOPCOCgHu). 


cycl-CQF^-CH^COXOCeH^s 



20 



25 



The product dialkyl fluorinated phosphonates «e readuy hydrol>zed to tiie 
corresponding strong acids, converted to salts with, e.g alkali metals, and to amides. 20 
Tliev find urility as corrosion inhibitors, surfactants and as addmves to . 

F The following examples further illustrate the use. of esters of the mve«uon 
narticularlv for the production of halides, tertiary amines and lower alkyl ethers. 
These^examples furd£r show the unexpected superiority of the esters of the invention 
wfth rSara to Son rates as compared to the known alkyl and aryl perfluoro- 25 
alkanesulfonates. E kampi.E 10 u , f 

The rate of methanols of 1,1-dihydroperfluoroe^yl ffiflu °™ m ^°^°^ 
to eive 1 1-dihydroperfluoroethyl methyl ether is followed by usual methods at 100 C 
an *nf first oTder integrated reaction rate constant is calculated from the data to be 30 
30 f| 8 ^4 x 10^ Srocal seconds. The half-life of the methanols at 100°C is 
iouf 44 hourf Reaction constants of about the same order of magnitude are deter- 
mS for other highly fluorinated alkyl perfluoroaikane sulfonates as shown m 
Table V. 
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Table V 



Ester 




(reciprocal seconds) 


CF 3 S0 2 OCH 2 CF 2 CF 3 


1.01 ± 0.01 X io- 5 


CF 3 S0 2 OCH 2 CF 2 CF 2 CF 3 


0.631 ± 0.006 X 10- 5 


CF 3 S0 2 OCH 2 CF s CF a H 


6.46 ± 0.04 x 10~ s 


CF 3 CF 2 S0 2 OCH 2 CF3 


6.76 ± 0.1 x 10" & 



By contrast to the above, non-fluorinated alkyl esters, e.g., methyl trifluoro- 
merJianesulfonate, are very readily alcoholized, and aryl esters, such as phenyl or 
p-nitrophenyl trifluoromethanesulfonate or anisyl perfluorooctanesulfonate show no 
5 appreciable alcoholysis in 24 hours at 96°C. 5 

Example 11 

The perfluoroaikane sulfonate esters of the invention are very useful for the 
production of the 1-halides of the polyfluorinated alcohols. The reaction proceeds 
much more readily than is the case when tosylates are used as described by Tiers, 

10 Brown and Reid, Journal of the American Chemical Society, vol. 75, pages 5978 9 10 

(1953). The procedures described here are exemplary of procedures employing other 
alkali metal halides as well as other sulfonate esters of the invention. 

A suitable vessel fitted with thermometer, distillation head and mechanical 
agitation is charged with 30 parts (0.2 moles) of sodium iodide and 100 parts by 
15 volume of anhydrous acetone. The temperature rises to 35° and 23.2 parts (0.1 mole) 15 
of 1,1-dihydroperfluoroethyl trifluoromethanesulfonate are then added. The temper- 
ature rises further to 50° in 5 minutes and falls to 40° over 15 hours. The reaction 
mixture is poured onto ice and the heavier organic phase separated, washed with a 
small amount of aqueous sodium tfuosulphate to remove iodine, dried and distilled. 
1,1-Dihydroperfluoroethyl iodide boils at 60—61° at atmospheric pressure. 

In experiments to determine the rate of reaction of 1,1-dihydroperfluoroethyl 
trifluoromethanesulfonate with iodide ion in acetone at 25°C. it is found that the 
second order rate constant is about .0149±.003 liters per mole-second. The rate 
constant for the reaction of 1,1-dihydroperfluoroethyl bromide with iodide ion is 
extrapolable to comparable conditions from the results of McBee and coworkers, 
Journal of the American Chemical Society, vol. 84, page 3157 (1962) and is found 
to be slower by about five orders of magnitude, Le., 100,000 times. 



20 



25 



20 



25 



Example 12 

*n taction of the perfluoroaikane sulfonate esters with alkali metal salts of 

30 f-toluenesulfomc and other substituted and unsubsituted arenesulfonic acids readilv 30 

leads to esters of the aromatic acids. 

Two parts of lithium p-toluenesulfonate and 2.0 parts of the 1,1-dihydrouerfluoro- 
butyl trifluoromethanesulfonate of Example 1 are dissolved in 8 parts by volume of 
dimethyif ormamide and the solution is heated to 120°C. A vigorous reaction occurs 

35 and the reaction mixture is refluxed for a further 0.5 hour, cooled and poured into 35 

cold water The aqueous suspension is extracted with ether, and the organic phase is 
washed with salt solution, dried over anhydrous magnesium sulfate and concentrated. 
The residual oil is distilled at 65° to 75° at 1 mm. Hg. pressure to give 1,1-dihydro- 
perfluorobutyl p-toluenesulfonate which eventually solidifies and then melts at 28° to 

40 29 C. 

Esters of other fiuorinated carbinols with arenesulfonic acids are prepared by 
the same procedure employing alkali metal salts of the desired substituted or un- 
subsututed arene-sulfomc acid in the above procedure. This may provide a convenient 
expedient for the modification of dyestuffs containing sulfonic acid groups to intro- 
45 duce at least slight fluorocarbon solubility. F 43 
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Example 13 ... 
. Tbis -m^^^tes the of — - — 

anionic nucleophiles. A ™*tuie of 25 parts « ^ J thiocyanate in 80 pare by 

^J^^llfc^^U^ro^uor^ sulfur compound, 



10 



15 



20 



25 



Example 14 , . . . » 

This example illustrates the preparation of dmydroperfluoroalkyl hydrazmes. A 
mivn ™ s „f 1^2 ,C D ^ f U-dihydroperfluorooctyl trifluoromethanesulfonate from 
Sole 1 5 part^ 95 percent hydrazine and 75 parts by volume of ,«>propanol 

dohaTes 1 lSS^erauorooctyl hydrazine hydrochloride me hung at about .231° to 
^substituted or substituted alkyl, aryl or aralkyl as shown in Table VI. 



Table VI 



Sulfonate ester 



Product hydrazine 



C 7 F 15 CH 2 OS0 2 CF 9 
CsFjCH.OSO.CFa 



CjFjsCHjNH— N(CH S ) S 
C_P-,CH 0 BH-] 



,CH -CH 
3 ' 2 CH 2 -CH 2 



N-NK-CH 2 -C 3 P 7 



10 



15 



20 



25 



CF7CHs.OSO2C.F5 
QF^CHjOSOsCF, 



C,F 7 CH £ — NH— NH— C 6 H 5 



^ CH 2 -CH 2 
7152 V CH 2 -CH 2 2 



CaF 7 CH 2 OS0 2 CF 3 

(CF^CHjiOSOsCFa). 

A compound of the formula 
cyd-<C s F 9 0)-CH,OS0 2 CF 3 



CjFjCHo— NH— NH — CH.C 3 F 7 

(CFjOaCCHoNHNHCsHsJa 

<yd<C 5 F 9 0>CH 2 -N(CH s )-N(CH3) 2 



These hydrazines are useful diemical intermediates. 
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WHAT WE CLAIM IS : — 

1. A process for the production of sulphonate esters of the formula : 

(R,S0 2 OCH 2 ) m Q 

wherein 

5 R, is a hyperfluorinated aikyl group (as herein defined) of 1 to 8 carbon atoms, 5 

Qua highly fluorinated alkyl group free from hydrogen on valence carbon 
atoms, having a valence of m and comaining at least 44 percent by weight of fluorine, 
the highly fluorinated alkyl group being a group selected from : 
(a) perfluoroalkyl of 1 to 17 carbon atoms, 
10 (h) perfluorocycloalkyl of 4 to 11 carbon atoms, 10 

(c) omega-nydroperfluoroalkyl of an even number of carbon atoms from 2 to 18, 

(d) 2-hydroperfluoroalkyl of 3 to 11 carbon atoms, 

(e) chloro-difluoromethyl, 

(f) 2,2-diehloro-perfluoroethyl, 

15 (g) 3-oxa-perfluoroalkyl of 3 to 6 carbon atoms and 1 oxygen atom, 15 

(h) perfluoro-oxa-cycloalkyl of 4 to 6 carbon atoms, 

(i) perfluoroalkylene of 1 to 10 carbon atoms, or 

0) perfluorocycloalkylene of 6 to 12 carbon atoms, and 
m is 1 or 2, 

20 which process comprises reacting substantially stoichiometric amounts of hyper- 20 
fluorinated alkanesulfonyl halide having the formula : 

wherein 

R f has the same significance as above, and 
25 X is CI or F, 25 

and highly fluorinated carbinol having the formula : 

u . Q(CH 2 OH) m 
wherein 



, . Q an 4 m ¥7 e the same significance as above; in the presence of an aliphatic 
30 tertiary amine acid acceptor. F 30 

2. A process according to claim 1 in which the acid acceptor is triethylamine 

3. Sulfonate esters of the formula : 

(R f S0 2 OCH 2 ) m Q' 



. .... .. „ . .v 

wherein 



35 J*j 1S a hyperfluorinated alkyl group (as herein defined) of 1 to 8 carbon atoms, 35 

Q is a highly fluorinated alkyl group free from hydrogen on valence carbon 
atoms, having a valence of m and containing at least 44 percent by weight of fluorine, 
the highly fluorinated alkyl group being a group selected from: 
(a) perfluoroalkyl of 2 to 17 carbon atoms, 
40 0>) perfluorocycloalkyl of 4 to 11 carbon atoms, 40 

(c) omega-hydroperflucroalkyl of an even number of carbon atoms from 2 to 18, 

( d) 2-hydroperfluoroalkyl of 3 to 1 1 carbon atoms, 

(e) chloro-difluoromethyl, 

(f) 2,2-dichIoro-perfluoroethy!, 

45 (f) 3-oxa-perfluoroalkyl of 3 to 6 carbon atoms and 1 oxygen atom, 45 

(h) perfluoro-oxa-cycloalkyl of 4 to 6 carbon atoms, 

(i) perfluoroalkylene of 1 to 10 carbon atoms, or 

(j) perfluorocycloalkylene of 6 to 12 carbon atoms, and 
m is 1 or 2. 

50 4. 1,1-dihydroperfluoroalkyl perfluoroalkanesulfonate ester of the formula: 50 

F(CF 5 )nS0 2 OX 

wherein 

X is a 1,1-dihydroperfluoroalkyl group of 3 to 18 carbon atoms, and 
n is an integer from 1 to 8. 

55 5 - M^-fcihydroperfluoroalkanol perfluoroalkanesulfonate ester of the formula: 55 

. . F(CF 2 )*S0 2 OX 
wherein 
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X is a Ll^trfliydropcifluoroalkyl group of an odd number of carbon atoms from 
3 to 19, and 

a^Prolfss foTintroducing a non-fluorinated substituent group on a highly 

5 fluorinatti S whichW- ^"^Tnu^^SgTrS 

medium in substantially stoichiometric proportions a ™cleopIule fiavmg 
philicity constant greater than 1 and sulfonate ester of the formula. 

(R f SO.OCH 2 ) m Q' 

uherein significance as in claim 3, .... _ „ rnr >,,~ t 
10 if de^dadd hydrolysing intermediate addition products, and isolating a product 
containing the group : Q'_CH 

wherein . 15 

?' rp?o e cS^<Sg » ^Hherein the nucleophile is the anion of an 
arjloxy compound ^ md hile j or gani=.amine 

9. A process According to claim 6 wherein the nucleophile is the anion of an 
20 organic --captan. ^ ^ ^ fi ^ nudeophile fa the anion of a 

diorganic ester of orthophosphorous acid. . ,„ -, , 

11 A Drocess according to claim 1 substantially as herein described. 
12. Sulfonate esters according to claim 3 substantially as herein described. 
25 13. A process according to claim 6 substannally as herein described. 

For the Applicants: 
LLOYD WISE, BOULY & HAIG, 
Norman House, 
MiAA m ^Pfe4 W Strand, 
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